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Analysis of Task Readiness Impedance in Human Arm Movements

for Virtual Catching-a-ball Tasks!

Toshio T'suir*, Yuji NocucHr* and Makoto KANEKO*

It is widely recognized that dynamic characteristics of human upper extremities can be modeled using the
mechanical impedance. Although many studies have been reported on human impedance characteristics in static
tasks maintaining an arm posture, there is no such a report for multi-joint movements during dynamic tasks
including interactions between the human arm and environments,

In this paper, in order to analyze the human hand impedance in dynamic tasks, a concept of a task readiness
impedance is introduced. The human arm impedance should be regulated before motion according to a task
requirement for some classes of tasks. For a catching-a-ball task, for example, the hand impedance must be
adjusted before the hand contacts with a ball. In this paper, the human impedance in a task readiness phase
is called the task readiness impedance, and an estimation method using a virtual reality technique is proposed.
Then, characteristics of the human task readiness impedance in a virtual catching-a-ball task are analyzed.
Also, a virtual trajectory is roughly estimated in order to simulate human movements using the task readiness

impedance.
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Fig.1 Schematic description of hand impedance
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Fig. 3 An example of a catching-a-ball task
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Fig.4 Impedance control system for a catching-a-ball task
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Fig.5 - An example of experimental results of the unskilled
subject A (F/»* = 38.09 [N], t;,; = 0.69 [s])
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Fig. 6 An example of experimental results of the skilled sub-
ject C (Fma® =19.25 [N], tin; = 2.20 [s])
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Fig.7 An example of the measured EMG signals {Subject C)
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Table 1 The maximum value of interaction force and con-
tacting time of the subjects

Fiapr IN] i 18]
32912345 | 116045

3239389 | 1751024

Subjects
25.15:+6.83 | 1.70+0.29

252278383 | 1.73+0.30

it 02 03 04 0s
Time fs}

ol |m|>

Position, X, [mm)
Mol o

k=]

{a) Hand position

0 0.1 0.2 03 04 0.5
Time [s]

(b) Hand velocity

Velocity, X, [on/s]

it LiX] 0.2 43 04 a3
Time {s}

Acceleration, X, [avs?]

(c) Hand acceleration

Z
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k;» 0 4__/'\/—»._.*
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(d) Measured and estimated hand force

Fig.8 An example of measured signals for task readiness
impedance measurement (Subject C)
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Table 2 Measured human hand impedance during a
catching-a-ball task

(a) During maintenance of the stable posture
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C 228+89 30.1£4.1" | 1.8620.19"]0.98£0.01
D 187118 235127 1.83£0.25 |0.96=0.01
*~n05% **--.3% #**...]%
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. (b) Skilled subject C
Fig.9 An example of measured arm postures during a
catching-a-ball task
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Fig. 10 An example of measured joint angles during a
catching-a-ball task

Table 8 Damping coefficients and natural frequencies of the
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Fig. 11 Simulation results of Subject A
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